Abstract Cement factory emissions into air cause serious air pollution and affect the plant and animal life in the environment. Herein, we report the effects of cement industry emissions (O 3 , SO 2 and NO 2 ) in air, as pollutants, at Riyadh City on Datura innoxia Mill. plant. Morphological characters including plant height, leaves area and number, fresh and dry weight of shoot and root systems of D. innoxia showed a significant reduction from their normal control plants as a response to exposure to pollutant emissions. Chlorophyll and carotenoid contents recorded reductions in values compared to control plant, and the lowest values of chlorophyll A, B, total chlorophyll, carotenoids and total pigments were 0.431, 0.169, 0.60, 0.343 and 0.943 mg/g respectively at a distance of 1-5 m from the cement factory in fruiting stage. These changes in values may be attributed to a probable deceleration of the biosynthetic process rather than degradation of pigments. Further D. innoxia showed a significant (P < 0.01) reduction in non-reducing and total sugars, protein and total lipid contents compared with the control plant. The root system recorded the lowest values of reducing sugars (0.350 mg/g f. wt.), non-reducing sugars (0.116 mg/g f. wt.), total sugars (0.466 mg/g f. wt.), protein content (0.931 mg/g f. wt.) and total lipids content (0.669 mg/g f. wt.) in fruiting stage at a distance of 1-5 m from the cement factory. The peroxidase activity of shoot and root systems of the studied plant was also significantly higher than those of control plant. Thus a highest value of (29.616 units/g f. wt.) peroxidase activity was recorded in vegetative stage of shoot system at a dis- Author's personal copy tance 1-5 m from the cement factory. Results of the study indicated that cement industry emission strongly influence the physiology and morphology of date palm D. innoxia which contribute date fruits, a staple food in the Arab world.
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Introduction
Air pollution responsible for vegetation injury and crop yield loss are causing increased concern. Air pollution has become a major threat to the survival of plants in the industrial areas (Gupta and Mishra, 1994) . Rapid industrialization and addition of the toxic matters and gases to the environment are responsible for altering the ecosystem. It is to be noted the human activities, both industrial and agricultural, contribute to the escalation in the levels of biologically active nitrogen compounds and sulfur dioxide in the atmosphere and environment. Various forms of nitrogen pollute the air, mainly nitric oxide (NO), NO 2 and NH 3 as dry deposition and NO 3 and NH 4 as wet deposition. High concentrations of sulfur dioxide (SO 2 ), viewed as the most important phytotoxic, cause acute injury in the form of foliar necrosis, after exposure for even relatively a short duration. Over the past 25 years an increasing number of reports have appeared on O 3 induced foliar injury in sensitive plants in many countries including Saudi Arabia (Krupa et al., 2001; Al-Qurainy, 2008) .
In fact it is important to study effects of dust deposits and air pollution on vegetation and hence studies on the effect of air pollution due to industrial activities on morphology, physiology and biochemistry of plants have been carried out by a number of investigators. Air pollution directly affects the net carbon dioxide exchange rate and dry matter accumulation of many plants (Lorenc Plucinska, 1982) . Elevated CO 2 increased the photosynthetic carbon uptake by seedling beginning early in the study (Olszyk et al., 2001 ) and persisting to the end (Olszyk et al., 2002) . Previous studies also showed the impact of air pollution on ascorbic acid content (Agbaire and Esiefarienrhe, 2009 ) and chlorophyll content (Flowers et al., 2007; Ju Liu and Ding, 2008) . Plants provide an enormous leaf area for impingement, absorption and accumulation of air pollutants to reduce the pollutant level in the air environment (Escobedo et al., 2008) . Gostin and Ivanescu (2007) showed that air pollution causes structural and micro morphological changes in Salix alba.
The cement industry also plays a vital role in the imbalances of the environment and produces air pollution hazards (Stern, 1976; Niragau and Davidson, 1986) and consequently the impact of the cement industry emissions on the vegetation in the vicinity has been widely investigated (Singh and Rao, 1980; Farmer, 1993; Iqbal and Shafig, 2001; Lepedus et al., 2003; Ade-Ademilua and Obalola, 2008) . But research on the effects of dust and air pollutants on plants has never received the same level of attention as that was given to phytotoxic pollutants such as O 3 , SO 2 and NO 2 . In the present study the main focus was to understand the effects of Riyadh cement factory pollutions in Saudi Arabia on the morphological and physiological status of Datura innoxia Mill. plant, which has great economic importance and livelihood in Arab world.
Materials and methods

Site description
The investigation was carried out in polluted areas situated close to the cement factory in Riyadh City and the control plants grown in unpolluted region at the Botany and Microbiology Department, Faculty of Science, King Saud University (KSU). Employing a statistical design, 4 stations were selected by randomized complete block design (RCBD) at different distances from the cement factory with the direction of the wind, which included. Station 1 (1-5 m), station 2 (500 m), station 3 (1000 m) and station 4 (2000 m) located around the cement factory. This study was carried out during 2008/ 2009, and the Datura innoxia Mill. plant species were grown in plastic pots (diameter 25.5 cm and height 23 cm) in an unpolluted area at KSU (Fig. 1) . The six pots of plants were transferred to the 4 stations near the cement factory after completion of their growth. All morphological and physiological parameters were measured, five times, and the data recorded were tabulated as the main values of five replicates.
The climate in the study area (Riyadh City) during the period of study was continental. The maximum annual air temperature was about 44.8°C in August, while the minimum was about 4.3°C in January. The average annual precipitation was about 1.5 mm in both spring and winter season. The prevailing winds were with the northern, northwestern and northeastern components, at a maximum speed of about 10.4 km/h in April and a minimum speed of 6.8 km/h in August. The average relative humidity was about 36.4% during 2008.
Air pollution
The main toxicants in the air over the cement industry region were: Ozone (O 3 ), nitrogen oxides (NO, NO 2 , NO 3 ), sulfur dioxide (SO 2 ), carbon oxides (CO, CO 2 ) and cement dust deposits. The air pollution was measured twice per week during the period of the study with Horiba Bortabli Multi -Gas Analyzer, Model P9 -250.
Biochemical analyses
The plant species exposed to pollutants in the polluted areas and control plant were sampled for analysis. Fresh leaves were collected in the morning from the each plant grown. The leaves were analyzed after mechanical cleaning of leaf blades. Morphological features including leaf area, number of injury leaf, length, fresh and dry weight of shoot and root systems; and water soluble sugars, chlorophyll, carotenoids, protein, and other biochemical factors were determined by biochemical methods.
Chlorophyll A, B, total chlorophyll and carotenoid were analyzed using acetone 85% (Lichthenthaler, 1987) . Soluble sugars were estimated using the prepared hydro alcoholic extract of leaf powder. Total carbohydrate concentration was determined by the phenol sulfuric acid method (Dubois et al., 1956; Verma and Dubey, 2001) .
Reducing, non-reducing and total sugars were determined according to the method of Miller (1959) . All the values were quantified using a spectrophotometer (Pharmacia Biotech-Ultra Spec 2000).
The protein contents were analyzed according to the method of Lowry et al. (1951) and Laemmli (1970) , and total lipids content were analyzed by Brain and Turner (1975) . Peroxidase activity was assayed by Nasson (1979) . All values were quantified with spectrophotometer (Pharmacia Biotech-Ultra Spec 2000).
Statistical analysis
The results were analyzed statistically by using the SPSS BASE 10.0 for windows (SPSS Inc., Chicago, IL) packages. Data were tested by ANOVA and F-tested LSD separated means at P 6 0.05 and P 6 0.01 levels to determine the significant differences between polluted and control stands.
Results
Variations in climate and air pollution
Mean values of meteorological parameters collected at Riyadh City, Kingdom of Saudi Arabia (KSA) are presented in Table  1 . Changes in mean concentrations of O 3 , SO 2 and NO 2 recorded during the period of study from January to August 2008 at the cement industry area, Riyadh, KSA are documented in Table 2 . It was found that mean monthly concentration of O 3 gradually increased to 148 ppb in August (summer) and recorded a lowest concentration of 78 ppb in January. Further SO 2 and NO 2 concentrations were observed to gradually increase from 24 to 24 ppb, respectively, to higher levels of 29 and 34 ppb, respectively. Generally, high values were noted during hotter months while cool months recorded low values.
Morphological parameters
The effects of air pollution at the cement industry area on the D. innoxia were observed at different distances from the cement factory. Data obtained for the variables leaf area, height, fresh and dry weights of shoot and root systems at the three stages of plant development (vegetative, flowering and fruiting stages) are presented in Table 3 . These values are the mean values of five replicates recorded during the investigation. (Table 3 ). The data presented in Table 3 indicated significance differences in morphological parameters with respect to the distances from the site of cement factory. The numbers of injured leaves are the main values of five replicate measurements, where the highest number of injured leaves was 15 at 1-5 m distance in the fruiting stage, while the lowest value was 2 at 2000 m distance in vegetative stage (Table 4 ). The numbers of injured leaves depicted in Table 4 showed the significance of injury levels with respect to the different distances from the cement factory.
Biochemical parameters
Data presented in Table 5 Effects of Riyadh cement industry pollutions on some physiological and morphological factorspresented in Table 5 it was noted that the lowest values of chlorophyll A, B, total chlorophyll, carotenoids and total pigments were, 0.431, 0.169, 0.60, 0.343 and 0.943 mg/g respectively in fruiting stage of the plants of 1-5 m distance, while the highest values were, 1.78, 0.701, 2.481, 0.823 and 3.304 mg/g respectively in the vegetative stage of plants of 2000 m distance. It was found that all photosynthetic pigments contents were significantly decreased in the plants at varying distances from the cement factory.
Carbohydrate content
Results obtained for the studies on the effects of air pollution on the total soluble sugars (reducing, non-reducing and total sugars) for D. innoxia at the three stages of plant development (vegetative, flowering and fruiting stages) are illustrated in Table 6 . It was noted that, the lowest values of reducing sugars were 0.478 and 0.178 mg/g f. wt. respectively, in shoot and root systems in fruiting stage of plants at 2000 m distance while the highest values were 5.818 and 4.638 mg/g f. wt. in vegetative stage at 1-5 m distance. Non-reducing sugars and total sugars values were noted to get decreased along with increasing distance from the cement factory. At the distance of 1-5 m from the cement factory plants in fruiting stage, recorded non-reducing sugars at lowest levels of 0.182 and 0.116 mg/g f. wt. in shoot and root systems, while the total sugars values were 1.077 and 0.466 mg/g f. wt. in shoot and root systems (Table 6 ). The highest values of non-reducing and total sugars recorded in vegetative stage at the distance of 2000 m from the cement factory, were 5.398 and 4.223 mg/g f. wt. in shoot and root systems (non-reducing), and 9.720 and 6.211 mg/g f. wt. in shoot and root systems (total sugars). The effect of O 3 , SO 2 and NO 2 on the carbohydrate concentration of shoot and root systems was significant as there was difference in the concentration at the three stages of plant developments with the control stage.
Protein content
The impacts of elevated O 3 , SO 2 and NO 2 on the protein content of D. innoxia are summarized in Table 7 at the three stages of plant development (vegetative, flowering and fruiting). Table 7 showed that the lowest values of protein content were 1.818 and 0.931 mg/g f. wt. in shoot and root systems in fruiting stage at 1-5 m distance, while the highest values were 9.562 and 6.687 mg/g f. wt. in vegetative stage at 2000 m. Changes in the concentration of protein content were also determined to be significant and varied at the three stages of plant development when compared with the control at all distances from the cement factory.
Total lipid content
According to existence of O 3 , SO 2 and NO 2 at the cement industrial area as the result of chemical activities on the total lipids content of D.innoxia (Tab. 8) at the different distances from cement factory. Data presented in Table 8 indicated that total lipids content were of lowest values (1.399 and 0.669 mg/ g f. wt.) in shoot and root systems, in fruiting stage at 1-5 m distance, while the highest values (12.22 and 7.37 mg/g f. wt.) in vegetative stage at 2000 m distance. These results indicated that there was significant difference in all stages of plant development compared with the control at the all distances studied.
Peroxidase activity
The data obtained for the distribution of peroxidase activity among various fractions isolated from D. innoxia shoot and root systems depicted in Table 9 indicated that in shoot and root systems of fruiting stage at 1-5 m distance the enzyme activities were the lowest (13.527 and 8.648 units/g f. wt.), while the highest values (22.775 and 16.737 units/g f. wt.) were in vegetative stage at 2000 m distance from the cement factory. The results showed that there was increase of peroxidase activity with a significant difference in all stages of plant development (vegetative, flowering and fruiting stages) with the control located at all the distances studied.
Discussion
In a typical urban atmosphere like Riyadh City, KSA, O 3 , SO 2 and NO 2 concentrations increase rapidly between 12 00 and 15 00 hours of the entire day light and when the intensity of solar radiation is at a maximum during hot months and when the ratio of NO 2 : NO is large (Krupa et al., 2001 (Krupa et al., 2001) . During the exposure period, the monthly average concentrations of major air pollutants e. O 3 , SO 2 and NO 2 around the cement factory at Riyadh City, KSA, were recorded as high during hot summer months around the cement factory. Air pollution around the cement factory area had a significant effect on the morphological parameters of the studied plant species compared with the control plant. Polluted gases such as O 3 , SO 2 and NO 2 were found to be emitted by the cement manufacturing plants. The results indicated a significant reduction in plants height, leaf area, fresh and dry weights of shoot and root systems of D. innoxia. The reduction in level of variable may be attributed to the cement factory emissions which contain toxic gases and cause air pollution. The level of reduction of these morphological factors increased along with decreasing distances from the cement factory. The results obtained were in close conformity with those reported by Iqbal and Shafig (2001) . Decrease in plants height of D. innoxia might be due to the decrease in phytomass, net primary production and chlorophyll content in response to cement air pollutions, confirming the findings of Prasad and Inamdar (1990) in Vigna mungo (Black gram). The level of reduction of leaf numbers of D. innoxia increase with decreasing distances from the cement factory. The results showed a significant reduction in leaf number for D. innoxia which corroborated with the findings of Anda (1986) . Prasad and Inamdar (1990) reported that, the cement air pollution kiln showed a reduction in chlorophyll content, protein, starch, yield and phytomass in groundnuts (Arachis hypogaea L.). On the basis of this study, it could be concluded that growth of plants was found to be affected by cement air pollution, which might be due to the presence of different toxic pollutants in cement air pollutions. The phonological studies of D. innoxai were found to be highly affected by air pollution. The mean values of morphological parameters were found to be highly significant (P < 0.01) when compared with the control value and with respect to distances from the cement factory. The quantitative analysis of chloroplast pigments revealed that the difference between plants exposed to cement air pollution and control plants.
The mean values of all measured parameters of D. innoxia at different distances from the cement factory and the three stages of growth plants indicated changes in concentration of pigments in D. innoxia exposed to cement gases emissions. The photosynthetic pigments vary with respect to variation in the distances from the cement factory. Chlorophyll A, B, total chlorophyll, carotenoids and total pigment contents were higher in vegetative stage of D. innoxia. The results obtained for total chlorophyll supported the proposition that the chloroplast is the primary site of attack by air pollutants such as O 3 , SO 2 and NO 2 (Joshi and Swami, 2009) . Air pollutants make their entrance into the tissues through the stomata and cause partial destruction of the chloroplast and decrease pigment contents in the cells of polluted leaves (Mandal and Mukherji, 2000; Wang and Lu, 2006; Tripathi and Gautam, 2007; Tripathi et al., 2009) . Mean concentrations of all pigment parameters of D. innoxia showed highly significant values (P < 0.01) compared with the control values and for the varying distances from the cement factory. The carbohydrate contents of D. innoxia non-reducing and total sugars were reduced in plants located closer to the cement factory in all growth stages of D.innoxia. The decrease in nonreducing and total sugars content of damaged leaves probably corresponded with the photosynthetic inhibition or stimulation of respiration rate. Higher reducing sugar accumulation noted in D. innoxia may be due to higher resistance of their photosynthetic apparatus and low reducing sugar export from the mesophyll. The level of reduction in protein content increased along with decreasing distances from the cement factory and was compared with the control plants in all growth stages of plants. Decrease in protein content of D. innoxia might be due to the induction of the photosynthetic pigments of plants exposed to the pollution stress. Decreases in concentration of total lipids content in plant exposed to air pollution stress might be due to induced rate of the photosynthesis in plants exposed to the air pollution stress. The plant absorbs O 3 through stomata, where the ozone gas affects the total lipids content by changing them from crystalline shape to noncrystalline irregular shape. This would have reduced the The data obtained for peroxidase activity among the shoot and root systems showed that, there was an increase of enzyme activity in shoot and root systems of D. innoxia exposure to air pollutants O 3 , SO 2 and NO 2 around the cement factory at the different distances. Peroxidases may be useful for hardening of cell membranes and the formation of bridges between tyrosine residues of membrane proteins. Such a reaction could allow polluted plants to reduce their cellular permeability. An increased peroxidase activity may also be linked to a decreased rate of growth (Castillo et al., 1984) . Statistically, increase of peroxidase activity had shown high significance compared with the control plants and in response to varying distances from the cement factory.
